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The heat transport in scrape-off-layer (SoL) 
plasmas is one of the most important problems 
in toroidal devices. Research has been 
performed mainly by two approaches, the 
simulation code and the analytic approach based 
on the point model. The former allows a 
quantitative evaluation, but is not appropriate in 
identifying the transport nature of SoL plasmas. 
The latter is useful in giving analytic insight, but 
the two-D aspects have not been incorporated. 
We developed analytic solutions of the two-D 
heat transport equation for SoL plasmas. Exact 
solutions of the temperature profile are presented 
by solving the nonlinear partial differential 
equation [ 1]. 
The plausible heat conductivity models both 
in the parallel and perpendicular directions are 
adopted. The dependence of the thermal 
conductivities on the temperature and 
temperature gradient is taken into account as 
X.1 oc Ta(vr)Y and x11 ex Tf3. Influence of the 
density profile is neglected and only the 
temperature profile is discussed. 
We chose a model coordinates (x, y, z), 
where x is taken in the direction of the magnetic 
field, and y is in the direction across the 
magnetic surface. The z-axis is in the invariant 
direction. Simplified boundary conditions are: 
T = 0 at y __. oo, aT I ax = 0 on symmetry plane 
x = L, and heat flux from core is specified as 
P(x) at y = 0. Solutions are given in case that the 
separability condition of variables is satisfied as 
T(x,y) = T x(x)T y(y). This separability condition 
is not always satisfied. However, we find that it 
holds for various profiles of the heat flux from 
the core P( x ). 
Exact analytic solutions are given as 
T ( "~) _ (-11-)11 yY- 11+9 
2((3+ l)H x 
a+f3+y+2 
where 3= Te + 1 and 11 = (2 +y) I (f3 -a -y). 
Proper normalization is used for x andy. It is 
useful to specify the profile P(x) by a parameter 
H. When P(x) is flat, H vanishes; it is peaked as 
H increases. 
The scaling law for the boundary 
temperature T b and heat channel width AT is 
obtained. For instance, 
If one neglects the dependence on the profile of 
the heat flow from core, P(x), it reduces to the 
result of the one-dimensional model. 
Even though the class of solutions is limited, 
this method provides the information about how 
the profile of the heat flow from the core 
influences the scaling, confirming the 
dependencies which were obtained by the point 
model. This gives a basis for the usefulness of 
the simple point models. 
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